Chili is one of the most important spices in Indonesia; the demand for chili has been increasing along with the growth of the population. Chilli is generally grown under intensive culture which includes addition of fertilizers to improve crop growth and increase crop productivity. A study was conducted to examine seven different rates of an inorganic foliar fertilizer HF at 0.5, 0.75, 1, 1.25 and 1.5 of the recommended rate, with no foliar fertilizer and a standard foliar fertilizer GD as control. The results showed that spraying foliar fertilizer HF generally improved the growth and yield of chilli compared to without fertilizer. Plant height, number of branches and number of fruits per plant, weight per fruit, weight per 10 fruits, yield per plant, yield per plot, and yield per ha of chilli treated with inorganic fertilizers was significantly higher than the without foliar fertilizer. Foliar fertilizer HF at 0.5 of the recommendation rate, or 1 kg.ha -1 foliar fertilizer applied at 4, 6, 8, 10, and 12 week after planting in addition to the basic fertilizers of 400 kg.ha -1 of urea, 200 kg.ha -1 of SP-36, 250 kg.ha -1 of KCl applied to the soil, was effective to obtain the maximum chilli fruit yield.
Introduction
Chili is a species belonging to Solanaceae family; it is a small, perennial shrub with a woody stem, growing up to about one meter in height. Chili cultivars differ in horticultural traits including size, fruit shapes, flavour and level of spiciness. Chili is one of the most popular and most widely consumed spices in Indonesia; chili consumption in Indonesia is approximately 800,000 tons per year, and a total area of around 11,000 ha per month is required to produce chilli (Ministry of Agriculture, 2016) . The development of food industry and the growing population has increased the demand for fresh and processed chilli fruits. Chili production requires intensive labour and inputs, including addition of fertilizers to increase crop productivity.
Fertilizers consist of essential nutrient elements required by plants including carbon, hydrogen and oxygen, which are abundant in nature, and macro and micro nutrients (Soepardi, 1983) . Fertilizers that are applied to the crops need to be balanced; lack one nutrient elements, either macro or micro, can inhibit crop growth and production, hence reducing the growers profit. Besides macro nutrient elements, at least four micro elements, i.e. B, Mn, Fe, and Cu, should be applied to crops (Iriana et al., 2009) . Fertilizers for chili are best applied several times during the growing season (Brown et al., 2018) .
Foliar feeding provides a solution when the plant root system is not functioning optimally, or soil nutrition levels is sub-optimal for plant growth. Foliar feeding is also ideal in the condition where nutrient uptake by roots is limited by too high or too low soil pH, high weed competition, or nematode infestation. Foliar fertilizer application can be used as a preventive measure to avoid nutrient deficiencies, including micronutrients by using only a small quantity of fertilizer (Patil et al., 2008) , and can potentially be combined with other agrochemicals in a single application (Oosterhuis, 2009 ).
In the event of nutrient deficiency, application of sprayed fertilizer containing macro and micro nutrient elements can overcome the nutrient deficiency more quickly in comparison to application of fertilizer to the soil (Lingga and Marsono, 2006) . This is because foliar fertilizers are soluble in water, so the nutrients can enter the leaf by penetrating the cuticle or stomata before entering the plant cells for metabolism. Foliar application of micronutrients B, Mn, Zn and Fe to tomato crops significantly improved growth and yield components (Patil et al., 2008) . Foliar feeding, however, has the disadvantages of the occurrence of foliar burn when concentrations were too high, solubility problems especially when dissolving in cold water, and inefficient absorption when the solution pH is too high (Oosterhuis, 2009 ). In addition, there is a possibility of less efficient absorption with increased leaf age, which could be related to the increased thickness of leaf cuticle (Oosterhuis, 2009) .
HF is an inorganic foliar fertilizer that is applied by spraying to the shoots or plant canopy. Foliar fertilizer is usually applied to supplement the nutrient elements that have been applied through the soil. For vegetable crops that have a relatively short lifespan addition of nutrients usually have very significant impact on production, including chili. The study of fertilization on chilli production by Sari and Suketi (2013) , Widyanti (2015) , and Wulandari (2017) reported that chili crops response well to fertilization. The aim of this experiment is to examine the effects of sprayed inorganic foliar fertilizers at different rates on chilli growth and production, and to determine if chili yield can be increased by adding foliar fertilizer as compared to the current practice that only uses fertilizers applied to the soil.
Materials and Methods
The study was conducted at the Bogor Agricultural University (IPB) highland experimental station at Pasir Sarongge (1100 m above sea level), Cianjur, West Java, Indonesia, from March to November 2017. Chili cultivar used in this study was "TM999" from seed producer UD Tani Murni, Indonesia.
The treatment consists of five rates of foliar fertilizer HF, without application of sprayed inorganic fertilizers (control), and a standard foliar fertilizer GD ( Each experimental unit consists of raised beds of 1m x 5 m with 50 cm distance between beds. Seeds were sown and transplanted four weeks after sowing or when the seedlings had six true leaves, one seedling per planting hole, with a spacing of 70 cm between rows and 40 cm within row. Inorganic fertilizers were applied three times as described on Table 1 . Foliar fertilizers were sprayed five times at 4, 6, 8, 10 and 12 WAP. The foliar fertilizer was prepared by dissolving the powder in water, mix thorougly and sprayed evently to the foliage of the crops. Each rate of foliar fertilizer HF and the standar foliar fertilizer GD were divided into five application where each part was diluted to make up 500 liter volume of solution (fertilizer+water) for one hectare of crop for one application. Pest and disease control was conducted when required throughout the experimental period.
The content (major and minor elements) of the HF foliar fertilizer and the soil pH, total N and Ca levels were analysed at Sucofindo Surabaya laboraroty, East Java, in October 2016. Analysis of the initial soil samples (before experiment) was composite samples of the entire area of the experiment, whereas the sample for the final soil analysis was collected from each treatment plot.
The growth parameters measured include plant height, number of primary branches and number of fruits per plant, weight per 10 fruits, yield per plant, yield per plot, and yield per ha, which is converted from yield per plot. Scoring was conducted on five sample plants which were randomly selected from each experimental plot. Data were analyzed using ANOVA and differences between means were further analysed using Duncan Multiple Range Test (DMRT) at α = 5%. 
Result and Discussion

Effects of Foliar Fertilizer Application on Chilli Growth
The chilli crops treated with 1.25 recommendation rate of the HF foliar fertilizers were taller (74.9 cm, Table 2 ) than the other treatments at 8 WAP, but did not significantly differ from the crops treated with 0.75 (72.4 cm) and 1.00 (67.6 cm) of the recommendation rates ( Table 2 ).
The number of branches per plant at 5, 6 and 8 of WAP were not significantly different in all treatment including control and the standard foliar fertilizer treatment. On average each plant had 26.8 to 31.4 branches at 8 WAP (Table 3 ). The largest number of branches per plant was with the application of 0.75 recommendation rate, but it was not significantly different from the 1.00, and 1.25 recommendation rates. A study by Surtapradja (2008) reported that inorganic fertilizer can increase the number of branches per plant. Similarly Baloch et al. (2008) reported that application of foliar fertilizer increased number of branches of chili plants compared to the crops without foliar fertilizer.
Effects of Foliar Fertilizer Application on Chilli Yield
Chili fruit begins to form at five weeks after planting (WAP). At week 6, 7 and 8 the number of chili fruits from the plants treated with 1.00 recommendation rate was the highest, but it was not significantly different from the other treatments except for the control (without foliar fertilizer) ( Table 4 ). The number of chili per plant at week 8 from all treatments and from the standard foliar fertilizer was between 17.3 to 20.7 fruits (Table 4) .
Chili crops treated with 1.00 recommendation rate of HF foliar fertilizer had 277 fruits per plant which was significantly more than without foliar fertilizer, but was not statistically different from all other fertilizer rates ( Table 5 ). The control treatment had the lowest number of fruits per plant, but did not differ significantly with the 0.5, 1.25 and 1.5 recommendation rate of sprayed inorganic fertilizers. The weight of 10 chilli fruits from the crops treated with all rates of foliar fertilizers was higher than without foliar fertilizer ( Table  5 ). The yield increase with foliar fertilization agrees with Baloch et al. (2008) in green chilli using HiGrow foliar fertilizer. The plant generative growth requires macro nutrient N, P and K, which play important roles in the formation of organic compounds that are required for fruit formation (Sutedjo, 2008; Baloch et al., 2008) . Application of fertilizer containing complete nutrient elements can increase number of fruits and fruit weight per plant (Ali, 2015) .
Data on Table 6 demonstrated that 1.25 and 1.00 of the HF foliar fertilizer recommendation rate significantly increased yield per plant, yield per plot and yield per ha over the control (without foliar fertilizer). In general, spraying foliar fertilizers, either GD or HF, resulted in a higher production of chili per bed and per acre than without application of foliar fertilizer (Table  6) . No foliar burns on the crops were noted following application of all rates of foliar fertilizers.
Relative Agronomic Effectiveness and Revenue-Cost Analysis of Chili Production with Application of Foliar Fertilizer
Relative agronomic effectiveness is one measure of the effectiveness of a fertilizer application (Barrow, 1984) . A fertilizer was considered effective when the agronomic effectiveness had a relative value of > 100. Relative agronomic effectiveness of 100 means the fertilizer application had a higher increase in yield compared to the increase in the control. The relative effectiveness of the foliar fertilizer application is presented in Table 7 .
The 1.50 recommendation rate had the highest effectiveness of 118%, followed by treatment of 0.5 (113%) and 1.0 (106%); the other treatments showed lower effectiveness rating of <100% (Table 7) . Table 8 describes the cost, revenue, profit and revenue/cost (R/C) ratio of chili production with foliar fertilizer application; all costs are based on market price in 2018. Total revenue is calculated by taking the price of the sale times the quantity of chili sold. Total cost is the sum of the fixed cost and total Journal of Tropical Crop Science Vol. 5 No. 1, February 2018 www.j-tropical-crops.com variable cost for any given level of production, i.e. fixed cost plus total variable cost. Based on the above calculation, all rates of HF foliar fertilizer tested in this study were economically feasible with R/C ratio > 1. The highest R/C ratio (1.95) was from application of 0.5 recommendation rate.
Soil analysis of the study site was conducted both before and after the experiment. Soil analysis before the experiment was intended to determine the level of soil fertility in the study location; analysis after experiment was to examine whether or not the foliar fertilizer treatment affected soil the pH, nitrogen and Calcium levels. Table 9 shows the pH conditions before and after the treatment, which shows that the soil pH after the experiment tends to decrease, or had become more acidic. After the experiment, the soil N-total and Ca levels have increased in all plots (Table 8 ). According to the Soepardi (1983) pH of 4.5 to 5.5 is classified as acidic, N-total 0.10 to 0.20% is classified as low and 0.21 to 0.50% as medium, whereas Ca of 2 to 6 Cmol.kg -1 is classified as low. Table 10 ). Foliar fertilizer is a mixed of fertilizers containing macro nutrients especially N, P, and K and micro nutrients (Rosmarkam and Yuwono, 2002) and is usually applied at a spraying volume of 500 L per ha.
The timing of foliar sprays to crops can be critical in relation to the optimum efficacy of the foliar treatment because the uptake of nutrients varies with growth rate, growth stage and seasons (Oosterhuis, 2009) . In this study the foliar fertilizer was applied five times at different stages of the chilli growth, and the study demonstrated that the sprayed foliar fertilizers in the liquid form enhanced the growth and production of chili over without foliar fertilizer. This implies that additional fertilization through plant shoots is beneficial to supplement the nutrients that have been applied to the soil and promoted plant growth and yield. Spraying the HF foliar fertilizer is economically feasible, and at 0.5, 1.0 and 1.5 of the recommendation rate had a relative agronomic effectiveness of > 100%.
Conclusion
Spraying foliar fertilizer HF improved the growth and yield of chilli as compared to the control/without application of foliar fertilizer. Application of foliar fertilizer HF at half of the recommendation rate resulted in a relative agronomic effectiveness of 113% and significant increases in the plant height, number of branches and number of fruit per plant, weight of fruits, weight per 10 fruits, yield per plant, and yield per plot, which ultimately increased chilli yield per hectare. The recommended rate of foliar fertilizer HF to obtain the highest chili "TM999" yield from this study are 1 kg.ha -1 to be applied five times at 4, 6, 8, 10, and 12 WAP in 
